Large antral follicles grow in waves in the ewe, and each wave is triggered by a peak in serum concentrations of FSH. The existence of follicular dominance in the ewe is unclear. The objective of experiment 1 was to determine if an endogenously driven follicular wave could emerge during the growth phase of a wave induced by injection of ovine FSH (oFSH). Cyclic ewes (n ¼ 7) were given oFSH (two injections of 0.5 lg/kg; s.c.; 8 h apart) on 2 separate days equally spaced in the interval between the first two endogenously driven follicular waves of an estrous cycle. Injection of oFSH induced two follicular waves in the interval between the first two endogenously driven waves of the cycle. The second endogenously driven wave of the estrous cycle emerged in the midgrowth phase of a follicular wave induced by injection of oFSH and its day of emergence, and growth pattern did not differ from that of the equivalent wave in control ewes (emerging 5.4 6 0.2 and 4.8 6 0.5 days after ovulation, respectively; P . 0.05). Experiment 2 was designed to determine if emergence of follicular waves could be induced on a daily basis. Six anestrus ewes were given oFSH (two injections of 0.35 lg/kg; s.c.; 8 h apart) on each of 4 days, starting 24 h after the expected time of an endogenously driven FSH peak. Each injection of oFSH resulted in a discrete peak in serum FSH concentrations and the emergence of a new follicular wave. The present findings provide evidence for the lack of follicular dominance in the ewe.
INTRODUCTION
In the ewe, development of ovarian antral follicles occurs in a wavelike pattern [1] [2] [3] [4] [5] [6] [7] [8] . A follicular wave is defined as the emergence or growth of one to three follicles from a pool of small follicles (2-3 mm in diameter) in the ovary and their growth to !5 mm in diameter before regression (anovulatory wave) or ovulation (ovulatory wave) [1-3, 5, 9, 10] . Follicular waves emerge every 4-5 days both during the breeding season and during seasonal anestrus [1-3, 9, 10] . Emergence of each follicular wave is associated with a transient peak in serum FSH concentrations; this peak appears to be essential for follicle wave emergence, and each peak lasts 3-4 days [2, 3, 5, [8] [9] [10] [11] .
In cattle, two or three follicular waves emerge in each estrous cycle [12] [13] [14] [15] . Each wave is characterized by the initial emergence or growth of 7-11 small follicles (4 mm in diameter) followed by the rapid growth of one follicle in this cohort to an ovulatory diameter (dominant follicle) [15] . This follicle suppresses the growth of other follicles in the cohort (subordinate follicles) and prevents emergence of a new follicular wave [16] . Suggested mechanisms for this dominance include the early acquisition of LH receptors by the dominant follicle, allowing it to become LH dependent, in parallel with the suppression of FSH secretion by secretory products of the dominant follicle, removing the support of subordinate follicles by FSH (indirect dominance) [15] [16] [17] . The negative feedback effects of estradiol and inhibin, produced by dominant growing follicles, on FSH secretion play an important role in the regulation of the periodicity of FSH peaks in cattle [3] . Existence of direct follicular dominance has been also investigated in cattle [18, 19] . While treatment of heifers with superovulatory doses of bovine FSH, in the presence of a large dominant follicle, failed to show the emergence of a new follicular wave in one study [19] , in a similar study such treatment resulted in advancement of the emergence of the next follicular wave [18] . However, in the latter study, treatment with FSH occurred when the dominant follicle of a wave was in its static phase. Based on reports of superovulatory treatments in cattle, it appears that the presence of a dominant follicle may [20, 21] or may not [22] [23] [24] affect superovulation.
The existence of follicular dominance in the ewe is not clear [5, 10, 14, [25] [26] [27] . In contrast to cattle, the number of small antral follicles (1-3 mm in diameter) did not increase at wave emergence in sheep, except during the periovulatory period [28] . Again, in contrast to cattle, treatment of sheep with physiological concentrations of ovine FSH (oFSH), in the presence of a large follicle, resulted in the emergence of an additional follicular wave, bringing the existence of direct follicle to follicle dominance into question in the ewe [10, 26] . Injections of oFSH were designed to re-create the endogenous peaks in serum concentrations of FSH that precede follicular waves [10] . Induction of a follicular wave by injection of oFSH did not disrupt the normal train of follicular waves, indicating that the induced wave had no inhibitory effect or dominance over subsequent endogenously driven waves [10, 26] . However, in the latter study, the induced wave was at the end of the growth phase or in the static phase, when the next endogenously driven wave of the cycle emerged. The static phase is a period of time when antral follicle growth ceases but before regression starts [2, 10] . The secretion of estradiol and inhibin would be greater during follicular growth, and hence the potential for indirect dominance would be greater during that time, not during the static phase [2, 8] . To confirm the lack of direct dominance in the ewe, it would be important to determine if an endogenously driven wave could emerge during the growth phase of an induced wave.
The first objective of the present study was to determine if the growth phase of an induced follicular wave could block or delay the emergence of an endogenously driven follicular wave. We hypothesized that the presence of an induced, growing, antral follicle in the ovary would not disrupt the endogenous rhythm of FSH peaks and follicular wave emergence; in other words, there would be no evidence of indirect dominance. Our second objective was to determine how frequently follicular waves could be induced by injections of oFSH. We hypothesized that the ovine ovary is capable of responding to frequent, even daily, peaks in serum FSH concentrations with emergence of new follicular waves.
MATERIALS AND METHODS
All animal experimentation was performed according to the guidelines of the Canadian Council on Animal Care and was approved by the University of Saskatchewan animal care committee.
Experiment 1
Animals. Sexually mature (4-6 yr of age), normally cycling, nulliparous, Western White Face ewes (n ¼ 12) with a mean body weight of 76.3 6 3.9 kg were used in this study (October-December). Ewes were divided randomly into treatment (n ¼ 7) and control (n ¼ 5) groups. Estrus was synchronized by application of a medroxyprogesterone-acetate releasing intravaginal sponge for 14 days (MAP, 60 mg; Veramix, Up-John, Orangeville, ON, Canada). Estrus was detected with three vasectomized crayon-harnessed rams. The study was conducted in the second estrous cycle after synchronization. All animals were housed in sheltered dry lots (Saskatoon, SK, Canada; 528N latitude). Animals received daily maintenance rations of alfalfa pellets with water, and cobalt iodized salt licks were available ad libitum.
Experimental procedures and hormone preparation. To create physiological peaks in serum FSH concentrations, seven ewes were treated with two injections of ovine FSH (NIDDK-oFSH-18; 0.5 lg/kg, s.c.), 8 h apart, starting at 36 h after ovulation [10] . This treatment was repeated at 72 h after ovulation. Five control ewes received injections of vehicle only. The treatment regimen with oFSH was designed to create two physiological peaks in serum FSH concentrations equally spaced between the endogenous peaks that preceded the first and second follicular waves of the cycle (Fig. 1) . The first induced peak was designed to occur in the middle of the growth phase of the first follicular wave of the cycle. The second induced wave was positioned to be in its midgrowth phase when the second follicular wave of the cycle was expected to emerge. Each 1 mg of ovine FSH used in experiment 1(NIDDK-oFSH-18 [10] ) had a biological potency of FSH equivalent to 65.6 3 NIH-oFSH-S1 or 1640 IU and a biological potency of LH equivalent to 0.1 3 NIH-oLH-S1 or 106 IU. The oFSH was prepared in saline with 0.05% bovine serum albumin (BSA; w/ v; Sigma, St. Louis, MO) and 50% polyvinylpyrrolidone (PVP; w/v; Sigma).
Ultrasonography. Transrectal ultrasonography of ovaries was performed using a high-resolution, real-time B-mode ultrasound equipment (Aloka SSD-900; Aloka Co. Ltd., Tokyo, Japan) connected to a 7.5-MHz transducer. The cable of the transducer was stiffened with a plastic sleeve. Ultrasonography was done with each ewe restrained in the standing position in a head-gated cart. The number, diameter, and relative position of all follicles !1 mm in diameter and corpora lutea (CL) were sketched onto ovarian charts, and all ovarian images were recorded on high-grade videotapes (Fuji S-VHS, ST-120 N; Fujifilm, Tokyo, Japan), using a compatible VCR (Panasonic, AG 1978; Matsushita Electronics, Mississauga, ON, Canada), for retrospective analysis of ovarian data. Ewes were scanned twice daily (0800 and 2000 h), starting 2 days before the expected day of estrus. Scanning continued until the identification of the emergence of the second wave of the cycle (noninduced). Subsequently, ewes were scanned once a day until the emergence of the third noninduced wave of the cycle. Ovulation was confirmed by the disappearance of large antral follicles (!5 mm in diameter) and ultrasonographic detection of corpora hemorrhagica [11] .
Blood sampling. Blood samples (10 ml) were collected prior to each ultrasound examination, by jugular venipuncture, using evacuated tubes. Blood samples were allowed to clot for 18-24 h at room temperature, and serum was harvested and stored at À208C until assayed.
Hormone assays and data analyses. All serum samples were analyzed for circulating concentrations of FSH and estradiol by validated radioimmunoassays [29, 30] . The range of the standard curves was from 0.12-16.0 ng/ml and 1.0-50 pg/ml for FSH and estradiol, respectively. The sensitivities of assays (defined as the lowest concentration of hormone capable of significantly displacing labeled hormone from the antibody; unpaired t-test, P , 0.05) were as follows: FSH, 0.1 ng/ml, and estradiol, 1 pg/ml. All FSH samples were analyzed in one assay. The intra-and interassay coefficients of variation (CV) were 7.4% or 4.1% and 9.5% or 3.9% for reference sera with mean FSH concentrations of 1.2 or 4.1 ng/ml. The intra-and interassay CVs were 9.5% or 10.3% and 10.5% or 8.3% for reference sera with mean estradiol concentrations of 4.3 or 41.3 pg/ml, respectively. Peaks in serum concentrations of FSH, in samples taken twice daily, were determined using the cycle-detection computer program [31] . Within each peak of FSH secretion, data for all ewes in a group were aligned temporally to the zenith of the peak. To graph the data for each group, the zenith of each peak was normalized to the mean day after ovulation when that peak occurred. Serum concentrations of FSH were analyzed for the period from 0.5 days before to 7.5 days after ovulation. Peak serum concentrations of estradiol were recorded for each follicular wave.
Follicular data analysis. A follicular wave is regarded as a follicle or group of follicles that emerge or grow from 2 or 3 mm in diameter to an ovulatory size of !5 mm in diameter [2, 10] , with emergence restricted to a 24-h period [2, 10] . The follicular waves induced by treatments with oFSH at 36 and 72 h after ovulation were designated waves A and B, respectively. The follicular wave emerging after the second induced wave (in oFSH treated ewes) or 4-5 days after the emergence of wave 1 of the cycle (in control ewes) was wave 2 of the cycle. The day of follicular wave emergence was determined in relation to the day of ovulation. The lengths of the growth, static, and regression phases of the largest follicle of a wave are presented. The maximum diameter of the largest follicle in a wave, the growth of that follicle, and the number of follicles in a wave (follicles growing to !5 mm in diameter in each wave) are also presented. The interwave intervals presented were defined as the interval between the time of wave emergence for two consecutive follicular waves. Preliminary analyses for numbers of 1-2-, 2-, and 3-mm follicles recorded on a daily basis showed similar patterns. These follicles were therefore grouped as a single size class (1-3 mm in diameter) for subsequent analyses and presentation.
Experiment 2
Animals. Twelve healthy, anestrus (May-June), Western White Face ewes (5-7 yr of age, average body weight of 82.2 6 4.3 kg) were randomly divided into treatment (n ¼ 6) and control (n ¼ 6) groups. All maintenance conditions were the same as those in experiment 1.
Ultrasonography, experiment procedures, and hormone preparation. All the anestrous ewes underwent daily ultrasonography, starting at 0800 h each day, to determine the rhythmicity of follicular waves. Scanning was then done twice daily starting at 0800 and 2000 h to detect the first appearance of a 4-mm follicle of a new wave. Twice-daily ultrasonography continued until 72 h after the last treatment, after which observations were reduced to daily for a further 6 days.
Treatment with oFSH was designed to start at 24 h after a peak in serum concentrations of FSH that preceded a follicular wave. Based on previous observations, we know this peak occurs 60 h after the first detection of a 4-mm follicle in the previous wave [10, 26] . To create physiological peaks in serum FSH concentrations, each daily treatment consisted of two injections of oFSH 8 h apart (0.35 lg/kg, s.c.). Control ewes received two injections of vehicle 8 h apart. The experimental regimen was designed to provide four daily treatments of oFSH or vehicle within the period between two endogenously generated peaks in serum concentrations of FSH (Fig. 1) .
One milligram of the oFSH used in this experiment (teri.oFSH/ig.1; Tucker Endocrine Research Institute LLC, Atlanta, GA) had a biological potency of FSH equivalent of 90 3 NIH-oFSH-S1 and biological potency of LH less than 0.1 3 NIH-oLH-S1. Ovine FSH for injection was prepared as in experiment 1.
Blood sampling and hormone assays. Blood samples (10 ml) were collected in evacuated tubes daily (0800 h) and at 0200, 0800, 1400, and 2000 h from 24 h before the first injection to 48 h after the last treatment (total of 6 days). Serum from blood samples was collected and stored as in experiment 1. For reference sera with mean FSH concentrations of 0.5 or 3.3 ng/ml, the intraand interassay CVs were 7.4% or 3.8% and 10.7% or 4.6%, respectively. For estradiol, the intra-and interassay CVs for reference sera with mean concentrations of 7.0 or 22.1 pg/ml were 8.8% or 6.5% and 13.3% or 8.4%, respectively. Serum FSH concentrations in samples collected daily or every 6 h were aligned and normalized as for experiment 1 except that overall normalization was to the first day of treatment (Day 0). Serum estradiol concentrations were normalized to the first day of treatment.
Follicular data analysis. Follicular waves emerging within 24 h after each daily treatment with oFSH were considered to be associated with the peak in serum FSH concentrations created by that treatment. For consistency, the day of emergence for each growing follicle in a follicular wave was considered when that follicle was first detected at 3 mm in diameter. With scanning done twice daily, it was possible to accurately map follicular waves emerging on a daily basis over the period of treatment. Follicular waves induced by injection of oFSH every day for 4 days were designated waves A, B, C, and D. The wave immediately preceding treatment was designated wave 1, and following treatment in control ewes was wave 2. Characteristics of the follicular waves, such as the number of follicles in the wave (follicles growing to !5 mm in diameter); maximum follicular diameter; length of growth, static, and regression phases (days); as well as growth and regression rates of the largest follicle of a wave, were calculated. The number of small (1-3 mm in diameter) follicles seen on a daily basis over the experiment was also calculated.
Statistical Analysis for Both Experiments
Because of missing follicular data in experiment 1, one ewe from the oFSHtreated group was removed from analysis. The mean length of the static and/or regression phases for waves B and 2 in experiment 1 and wave D in experiment 2 were not determined because not all ewes had a regressing follicle on the last day of the experiment. Changes in the mean serum concentrations of FSH and estradiol over the period of the experiment as well as daily changes in the number of small, medium-, and large-size follicles were analyzed by two-way repeated-measures ANOVA (SigmaStat, Statistical Software for Windows Version 2.03, 1997, SPSS Inc., Chicago, IL). A fixed model was applied for two-way ANOVA with a single error term (variable
Comparisons of the follicular wave characteristics among different follicular waves within treatment group were made by one-way repeated-measures ANOVA (SigmaStat). A fixed model was applied for one-way ANOVA with a single error term (variable ¼ b 0 þ b 1 wave þ e). Multiple comparisons were made by the method of Fisher's least significant difference. All values are means 6 SEM, and statistical significance was set as P , 0.05.
RESULTS

Experiment 1
Serum concentrations of FSH. Analysis of serum FSH concentrations, by the cycle-detection program, identified two peaks in serum concentrations of FSH in both oFSH-treated and control ewes, and these peaks preceded the emergence of waves 1 and 2 of the cycle (Table 1 and Fig. 2 ). In the ewes given oFSH at 36 and 72 h after ovulation, two additional peaks in serum FSH concentrations were identified at 2.1 6 0.1 and 3.6 6 0.1 days after ovulation; these FSH peaks induced waves A and B, respectively (Table 1 and Fig. 2) .
Follicular wave emergence. The mean days of wave emergence for the first and second endogenous follicular waves of the interovulatory interval did not differ between oFSHtreated (0.3 6 0.1 and 5.3 6 0.2, respectively) and control (0.3 6 0.3 and 5.1 6 0.2, respectively) ewes (P . 0.05; Table 1 and Fig. 2) . In ewes treated with oFSH at 36 and 72 h after ovulation, two additional waves (waves A and B) emerged over the period of the experiment, compared to control ewes (P , 0.05; Fig. 2 ). The mean day of emergence for wave A and wave B were 2.0 6 0.0 and 3.5 6 0.0 days after ovulation, respectively (Table 1 and Fig. 2) .
Characteristics of the largest follicle of the follicular waves and serum estradiol concentrations. The length of the growth, static, and regression phases; growth rate; and maximum follicular diameter for the largest follicles of a wave did not vary with wave (1 and 2 or A and B) or treatment (P . 0.05; Table 1 ). There were also no differences in the number of follicles emerging in a wave or in peak estradiol concentrations at maximum follicle diameter, either among waves or treatments (P . 0.05; Table 1 ).
Numbers of small follicles. There was an increase in the number of small follicles around the time of ovulation.
FIG. 1. Schematic representation of the experimental design in experiment 1 (top panel) and experiment 2 (bottom panel).
In experiment 1, seven cyclic ewes were treated with two injections of oFSH (0.5 lg/ kg, s.c.), 8 h apart, starting at 36 h after ovulation (Day 0). This treatment was repeated at 72 h after ovulation. Five control ewes received injections of vehicle only. The treatment regimen with oFSH was designed to create two physiological peaks (dotted line) in serum FSH concentrations equally spaced between the endogenously driven peaks (solid line) that preceded the first and second follicular waves of the estrous cycle. See text for detail and rationale for experiment design. In experiment 2, six anestrous ewes were treated with two injections of oFSH 8 h apart (0.35 lg/kg, s.c., dotted line) every day for 4 days in the period between two endogenously generated peaks in serum concentrations of FSH (solid line). Control ewes (n ¼ 6) received vehicle only. The first treatment was timed to occur 24 h after the peak in serum concentrations of FSH that preceded a follicular wave. Based on previous observations, we know that FSH peaks occur 60 h after the first detection of a 4-mm follicle in the previous follicular wave [10] . See text for detail and rationale for experimental design.
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Numbers of small follicles declined from Day 1 to Day 7 in ewes given oFSH and from Day 0.5 to Day 2 in control ewes (P , 0.05; Fig. 3 ).
Experiment 2
Serum concentrations of FSH. After four daily treatments with oFSH in the period between two consecutive endogenously driven peaks in serum concentrations of FSH, discrete peaks were detected by the cycle detection program on Days 0.4 6 0.1, 1.6 6 0.1, 2.5 6 0.0, and 3.4 6 0.1 relative to the day of first treatment (Day 0). A significant peak in serum FSH concentrations after each injection was also shown by ANOVA (Fig. 4) . Basal serum concentrations of FSH were significantly greater in ewes given oFSH (2.6 6 0.2 ng/ml) than in control ewes (1.1 6 0.1 ng/ml) from Day 1 to Day 6 after the first injection of oFSH (Day 0). The endogenously driven peak in serum concentrations of FSH on Day 5 after onset of treatment in control ewes appeared to be masked by treatment in ewes given oFSH (Fig. 4) . However, in ewes given oFSH or vehicle, a peak in serum concentrations of FSH was seen 8.3 6 0.3 or 8.6 6 0.3 days after the first injection, respectively (Fig. 4) .
Follicular wave emergence. In ewes given oFSH on Days 0, 1, 2, and 3 (Day 0 ¼ day of first treatment), follicular waves emerged on Days 0.6 6 0.1, 1.7 6 0.1, 2.6 6 0.1, and 3.6 6 0.1, respectively (waves A, B, C, and D; Fig. 5 ). Within oFSH treated ewes, the number of follicles that emerged within the first 12 h after the first, second, third, and fourth treatment with oFSH, given daily (1.3 6 0.4, 1.4 6 0.3, 2.5 6 0.8, and 1.8 6 0.6, respectively), was greater than the number of emerging follicles during the second 12 h after each treatment (P , 0.05; 0.3 6 0.2, 0.8 6 0.2, 0.6 6 0.3, and 0.3 6 0.2, respectively). Emergence of endogenously driven wave 1 occurred on Days À0.6 6 0.2 and À0.7 6 0.1 in ewes given oFSH or vehicle, respectively (P . 0.05). In control ewes, the mean day of emergence of the next endogenously driven wave (wave 2) was on Day 4.2 6 0.4.
Number of small follicles and serum estradiol concentrations. The mean number of small follicles (1-3 mm in diameter) decreased after giving oFSH, reaching a nadir on Day 4 after first treatment ( Fig. 6; P , 0.05) . Mean serum estradiol concentrations did not differ between ewes given oFSH and control ewes (3.2 6 0.3 and 3.3 6 0.3 pg/ml, respectively; P . 0.05).
Follicular wave characteristics. Antral follicular wave characteristics (length of the growth, static, and regression phases; growth and regression rates; and maximum follicular diameter) of the largest follicle of a wave did not differ among waves or treatment groups (P . 0.05).
DISCUSSION
In experiment 1, the first FSH peak caused by injection of oFSH induced an additional follicular wave (wave A) that emerged in the presence of a growing (!4 mm in diameter) follicle from the first follicular wave of the estrous cycle (wave 1). In addition, the occurrence of the second endogenously driven peak in serum concentrations of FSH and its corresponding follicular wave (wave 2) was not delayed or interrupted by the emergence and growth of a follicle in the second induced follicular wave (wave B). Wave 2 emerged and grew while wave B was in its growth phase. These findings lead us to question the existence of follicular dominance in the ewe because of the inability of a growing antral follicle in a wave to inhibit wave emergence in response to injected oFSH (direct dominance) or the inability of an induced follicular wave to block an endogenously driven FSH peak and wave emergence (indirect dominance).
Previous data from our laboratory showed that giving oFSH at the expected time of the nadir in serum concentrations of FSH, between two endogenously driven peaks, stimulated the emergence of an additional follicular wave, while the rhythmic occurrence of endogenously driven FSH peaks and follicular wave emergence were not altered [10, 26] . However, although the follicular wave induced by injected oFSH emerged during the growth phase of an endogenously driven wave (no direct dominance), the next expected endogenously driven wave did not emerge until the induced wave was at the end of the growth phase or in the static phase. Based on work in cattle, it has been suggested that during an ovarian follicular wave, dominance is seen only while the follicle is in its active growth phase [14, 32] . Emergence of a new follicular wave in the presence of a large follicle(s) from a previous wave in sheep has been also shown in studies where follicles from the penultimate wave of 
Indicates day relative to the day of ovulation (Day 0). a-d Different letters within rows denote a significant difference (P , 0.05).
FOLLICULAR DOMINANCE IN THE EWE
the estrous cycle were seen to ovulate with follicles from the final wave [2, 33, 34] . In addition, wave overlap has also been noted in ewes treated with exogenous progesterone [35] [36] [37] . However, the status of potential dominance of the large follicle(s) present in the ovary at the time of the emergence of a new follicular wave in the studies from the previously mentioned literature is questionable since those follicles as well were in the late growth, static, or early regression phase, when new follicles emerged. Results from experiment 1, in the present study, indicate that a new endogenously or exogenously driven follicular wave can emerge even during the early to mid-growth phase of a normal follicular wave in the ovary.
Although it has been suggested that both direct and indirect dominance exist in cattle [13, 16, 38] , the suppression of FSH secretion by secretory products of the growing dominant follicle (indirect dominance) appears to play a more important role in preventing emergence of a new follicular wave [14, 38] . If dominance is unclear in sheep, then some other endogenous rhythm would be needed to drive the regular rhythm of peaks in FSH secretion and the associated follicular waves [26] . Rhythmic peaks in serum FSH concentrations have been reported in ovariectomized ewes with a similar interpeak interval and peak amplitudes as those in ovary-intact ewes [26] . In another study, a 10-day application of estradiol-releasing implants in cyclic ewes resulted in truncation of peaks in serum FSH concentrations and interruption of follicular wave emergence; however, those truncated peaks showed a rhythmic occurrence during the treatment period [39] .
In experiments 1 and 2, four and five follicular waves, respectively, emerged in ewes treated with oFSH in the time frame of the emergence of two follicular waves in control ewes. This suggests that small FSH-sensitive follicles are available on a daily basis to enter a wave in response to a physiological FSH stimulus. Unlike normal follicular waves in cattle, emergence of the induced follicular waves in the present study was not accompanied by transient increases in the number of small follicles in the ovary. In contrast, the number of small follicles (1-3 mm in diameter) in the ovary declined toward the end of the treatment period in experiment 2. This indicates that the growth of follicles into larger size categories (4 and !5 mm in diameter) in response to frequent oFSH treatments caused depletion of the small follicle pool. This also probably confirms the gonadotropin-independent growth of antral follicles that are less than 2 mm in diameter in sheep [3, 40] . Based on the present results, it is interesting to speculate that small follicles in the ovary remain responsive to physiological peaks in serum FSH concentrations for some time. However, only a few of them ever emerge into follicular waves in response to peaks in serum FSH concentrations. The mechanism for recruitment of small follicles . This created two discrete peaks in serum FSH concentrations, inducing waves A and B, equally spaced between the two consecutive endogenously driven FSH peaks that preceded follicular waves 1 and 2 of the interovulatory interval. Within each peak of FSH secretion, data for all ewes in a group were aligned temporally to the zenith of the peak. To graph the data for each group, the mean zenith of each peak was normalized to the mean day after ovulation when that peak occurred. The arrows denote peaks in FSH concentrations identified by the cycle detection program. Day 0, day of ovulation. * denotes a significant difference in serum concentrations of FSH between treated and control ewes (P , 0.05). 
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to enter a follicular wave is, therefore, unclear, as is the regulator of the rate of replenishment of small follicles in the ovary.
In experiment 2, the last oFSH treatment appeared to mask the occurrence of the next endogenously driven peak in serum FSH concentrations. Interestingly, the occurrence of the first clear endogenously driven FSH peak after oFSH treatment was detected simultaneously with the second peak in serum FSH concentrations after treatment in control ewes. This emphasizes that giving oFSH on a daily basis did not interrupt the rhythmic occurrence of the endogenously driven peaks in serum FSH concentration.
In the ewe, it has been suggested that serum concentrations of FSH need to reach a threshold to stimulate emergence and growth of an antral follicular wave [3, 26, 41] . In experiment 2, oFSH treatment on a daily basis increased the basal serum FSH concentrations during the treatment period. It could be argued that the increased serum concentrations of FSH, probably over the required threshold for follicle stimulation, resulted in a continuous emergence of ovarian antral follicles to ovulatory diameters. Although a greater number of follicles grew to ovulatory diameters in response to the oFSH treatments, the given daily for four successive days (represented by dash-lined arrows), starting 24 h after the expected day of an endogenously driven peak in serum FSH concentrations. Within each peak of FSH secretion, data for all ewes in a group were aligned temporally to the zenith of the peak. To graph the data for each group, the zenith of each peak was normalized to the mean day relative to the first treatment when that peak occurred (Day 0, day of first treatment). The solid arrows denote peaks in serum FSH concentrations identified by the cycle detection program. Dotted lines denote significant increases in serum FSH concentrations after giving each oFSH treatment, compared to basal serum FSH concentrations.
emergence of those follicles were distributed mainly within the first 12 h after each oFSH treatments (76.5%), given every 24 h for 4 days. These results indicate that the occurrence of daily, discrete FSH peaks, over an increased basal circulating concentration of FSH, induced the emergence and growth of discrete antral follicular waves.
In summary, creation of two distinct peaks in serum FSH concentrations by giving oFSH during an interwave interval induced emergence of additional follicular waves. The first induced wave emerged during the early growth phase of the endogenously driven wave 1, and the second endogenously driven wave of the cycle occurred in the early growth phase of the second induced follicular wave. Interestingly, the interval between the first and second endogenous FSH peaks and associated follicular waves was not affected by this treatment. Based on these results, it is questionable as to whether direct and indirect follicular dominance exist in the ewe. Some other endogenous rhythm must exist for the generation of the peak in serum FSH concentrations that precede follicular waves. In experiment 2, daily injections of oFSH for 4 days resulted in emergence of new follicular waves on a daily basis. Small follicles (1-3 mm in diameter) in the ovary appear to be able to respond to physiologic peaks in serum FSH concentrations on a daily basis. The mechanisms for follicle selection for growth and development into follicular waves and for replenishment of the pool of small ovarian follicles are intriguingly unclear in the ewe.
